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, ABSTKACI': An experiment is described in which instrumented rock bolts were used to measure strain in the 
rock mass during drift development at the Stillwater Mine, Nye, Montana, USA. Two strain-gauged rock bolts 
were grouted into the rniddlc of the rib next to the face. The drift was excavated in three advances, each one-half 
drift wide. Strains were recorded hourly by a datalogger. Rcsults show that the average change in axial bolt 
strain for the first and second advance was about the same and that there was almost no change in strain after 
the third advance. Bending strain was observed 19 cm from the head of the bolt. 
1 INTRODUCTION 
Unstable ground around openings continues to be a 
safety concern in underground mines, and ground falls 
are a major contributor to underground injuries and 
fatalities. Ideally, stability and design analyses should 
be conducted early in a mine's life so that problems 
can avoided or at least minimized to the greatest 
extent possible. The National Institute for Occupa- 
tional SaPety and Health (NIOSII) is advancing 
methods to validate computer models of a rock mass 
in order to assist in thc dcsign of a safer work 
environment for miners. 
One method of validating computer models in rock 
~nechanics studics is to compare field strains to 
calculated strains. Strain-gaugcd rock bolts can 
measure strains close to the skin of underground 
openings. By placing thc gauges close together, strain 
cially. Figure 1 shows the positioning of the strain 
gauges on the bolt. They are numbered 1 through 6 
from the head of the bolt on side 1, and 7 through 12 
on side 2. Strains are analyzed from pairs of gauges. 
Pair 1 is composed of gauges I and 7, pair 2 is coni- 
posed of gauges 2 and 8, etc. A positive value indi- 
cares tensile strain. A negative valuc indicatcs com- 
pressive strain. Uniform tension would be indicated 
if both gauges of a pair have thc sarnc positivc magni- 
tude of strain. Differences in the magnitude of strain 
indicate some degree of bending. Axial strain is oh- 
tained from calculating average strain from each pair. 
Each gauge on thc bolt was calibratcd. The 
calibrations showed that the response of all strain 
gauges was linear (? = 0.96) except on gauge 4 of bolt 
1. The gauges were read with a Campbell Scientific 
2 1X datalogger. 
gradients can bc dctcrmined. 
An expcrinicnt was conducted in which strains 
3 INS'I'ALLA'I'ION PKOCEDIJKE 
were measured during the advance of an underground 
The test site was on the 3200 level of the mine at the drift. The purpose of this paper is to describe the 
instrumented bolts, the installation proccdurc, anrl thc eastern end of the footwall drift (Fig. 2). Two 1.5-m- 
measured strains. (5-ft) long strain-gauged bolts were spaced 30 cm (I 
ft) apart vertically and 15 cm (6 in) back from the face 
in the southern rib. The bolts were installed in exactly 
* 2 INSTRUMENTS the same manner to ensure reproducibility of field 
data. A jackleg drill was used to drill holes 3.8-cm 
Serbousek & Signer (1987) dcscribe rhe construction (1.5-in) in tliarrictcr, 1.5 m (5 ft) deep, and ahout S o  
, of the rock bolt used in this experiment. Although the below horizontal. 
strain-gauged rock bolts used in this experiment were The holes were pumped full of a nonshrinking 
constructed at SRL, they can be purchased cornrner- grout, after which the bolts were inserted and oriented 





